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SUMMARY
T h is  in v e s t ig a t io n  in d ic a te s  t h a t  more use c o u ld  be 
made o f  a n i l i n e  p o in ts  f o r  c o r r e la t io n  w o rk  w i t h  o th e r  
v a r ia b le s  . The c o r r e la t io n s  d e ve lo p e d  in  t h i s  r e p o r t  a re  
o n ly  t e n a t iv e ;  more w o rk  s h o u ld  be done to  d e f in e  t h e i r  
l i m i t s  o The two m a jo r  usee d e ve lo p e d  in  th e  in v e s t ig a t io n  
a re  l i s t e d  b e lo w .
The c o r r e la t io n  o f  A . P . I .  g r a v i t y  and a n i l i n e  p o in t  
w i th  b o i l in g  range a p p e a rs  to  have good p o s s i b i l i t y  o f  
b e in g  a r a p id  and e asy  method o f  a c c u r a te ly  d e te rm in in g  
th e  base and e n t i r e  n a tu re  o f  a c ru d e  o i l .
The b le n d in g  v a lu e s  f o r  th e  h y d ro c a rb o n  c la s s e s  -  a rom - 
a t i c s ,  n a ph the n e s , and p a r a f f in s  — in d ic a te s  a new method 
o f  a n a ly s is  f o r  th e se  g ro u p s  . T h is  method w ou ld  be le s s  
l i k e l y  to  be a f f e c te d  by such  c o n ta m in a n ts  as s u l f u r  
compounds t h a t  a f f e c t  m ethods in v o lv in g  te s t s  such  as 
r e f r a c t i v e  in d e x .
INTRODUCTION
I n  th e  l a s t  few  ye a rs  th e  d e te r m in a t io n  o f  a n i l in e  p o in ts
f o r  v a r io u s  p e tro le u m  f r a c t io n s  has become a common t e s t .
As an  exam ple , i n  19A5 th e  U .S . Bureau o f  M ines began to
d e te rm in e  a n i l i n e  p o in ts  f o r  c e r t a in  f r a c t io n s  - -  8 ,9 ,1 0 ,
11 , and 1 2 . However a t  p re s e n t th e  Bureau o f  M ines e n g in e e rs
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in c lu d e  them f o r  a l l  f r a c t io n s  .
Up to  now th e  use o f  a n i l i n e  p o in ts  has been v e ry  
l im i t e d .  The two m a in  uses a r e :
(1 ) D e te rm in a t io n  o f  d ie s e l  in d e x  f o r  
d ie s e l  f u e ls  
^2) C a lc u la t io n  o f  p e rc e n ta g e  o f  a ro m a tic s  
i n  a p e tro le u m  f r a c t i o n .
Much o f  th e  l im i t e d  use o f  a n i l i n e  p o in ts  has been due to  
th e  la c k  o f  good c o r r e la t io n  d a ta  w i t h  o th e r  p r o p e r t ie s  .
The a u th o r  b e lie v e s  t h a t  an  in v e s t ig a t io n  s h o u ld  be 
co n d u c te d  to  d e te rm in e  p o s s ib le  c o r r e la t io n s  o f  a n i l in e  
p o in ts  w i th  such  b a s ic  p r o p e r t ie s  as A . P . I .  g r a v i t y ,  b o i l ­
in g  ra n g e , and h y d ro c a rb o n  c la s s e s  —  p a r a f f in s ,  naph­
th e n e s , and a r o m a t ic s .  Once c o r r e la t io n s  a re  d e ve lo p e d  
f o r  th e s e  p r o p e r t ie s ,  a w id e r  and more u s e fu l  a p p l ic a t io n  
may be made o f  a n i l i n e  p o in ts  .
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MSTHOD OF APPROACH
T h is  in v e s t ig a t io n  is  d iv id e d  in t o  two m a in  s e c t io n s .  I n  
th e  f i r s t  s e c t io n ,  w h ic h  is  e x p e r im e n ta l,  p e tro le u m  f r a c t io n s  
a re  a n a ly z e d  f o r :
(1 ) B o i l in g  range
(2 ) A . P . I .  g r a v i t y
(3 ) A ro m a tic  and s a tu ra te s  c o n te n t
(A) A n l i ln e  p o in ts  b e fo re  and a f t e r  th e  
re m o va l o f  a ro m a tic s  .
I n  th e  second s e c t io n ,  w h ic h  is  c o r r e la t i v e ,  th e  e xp e rim e n ­
t a l  d a ta  and d a ta  o b ta in e d  fro m  l i t e r a t u r e  a re  c o r r e la te d  
w i th  a n i l i n e  p o in ts  .
I n  th e  e x p e r im e n ta l s e c t io n  th e  a ro m a tic s  and s a tu ra te s  
c o n te n t  a re  o b ta in e d  by th e  n e w 'C h ro m a to g ra p h ic  a d s o rp t io n  
m e th o d 'u s in g  s i l i c a  g e l as th e  a d s o rb e n t .  I n  t h is  i n v e s t i ­
g a t io n  th e  c h ro m a to g ra p h ic  method o f  a n a ly s is  was f o r  th e  
q u a n t i t a t iv e  a n a ly s is  f o r  th e  a ro m a tic  f r a c t i o n .
The c h ro m a to g ra p h ic  a d s o rp t io n  by th e  use o f  s i l i c a  g e l  
f o r  th e  d e te r m in a t io n  o f  a ro m a tic s  is  s u p e r io r  to  th e  o ld  
a n a ly s is  by s u l f o n a t io n . S u l fo n a t io n  may remove some o f  th e  
l i g h t  s a tu ra te s  fro m  th e  r a f f i n a t e  in  th e  v o la t i l e  f r a c t io n s  
and may no t c o m p le te ly  remove th e  a ro m a tic s  in  th e  h ig h  
b o i l in g  f r a c t i o n s .  The c h ro m a to g ra p h ic  a n a ly s is  is  h ig h ly  
s e le c t iv e  to  a ro m a tic s  and is  a c c u ra te  o v e r a v e ry  w ide  
b o i l in g  range  .
C hrom atograph ic , a n a ly s is  is  based upon th e  s e le c t iv e  
a d s o rp t io n  o f  s i l i c a  g e l  f o r  th e  v a r io u s  h y d ro c a rb o n  
c la s s e s  . The degree  o f  a d s o rp t io n  o f  th e  s i l i c a  g e l  f o r  
h yd ro c a rb o n s  ranges  fro m  th e  s m a lle s t  degree  f o r  s a tu r ­
a te s  —  p a r a f f in s  and naphthenes — to  a medium degree  
f o r  o le f i n s ,  and to  a h ig h e s t  degree  f o r  a r o m a t ic s .  By use 
o f  a d e s o rb in g  f l u i d ,  such as is o p r o p y l a lc o h o l ,  th e  h y d ro ­
ca rb on s  a re  desorbed  a c c o rd in g  to  t h e i r  d e g re e  o f  a d s o rp ­
t i o n  on th e  s i l i c a  g e l  and move down th e  c o lu m n . As th e  
f r a c t i o n  moves down th e  co lu m n  and is  a l t e r n a t e l y  adsorbed 
and d e so rb e d , th e  h y d ro c a rb o n s  a re  s e p a ra te d  fro m  each 
o th e r  in to  b a n d s .
By use o f  a f lu o r e s c e n t  in d ic a t o r  w h ic h  f lu o re s c e s  
in  th e  p resen ce  o f  a f lu o r e s c e n t  l i g h t ,  th e  am ount o f  each 
c la s s  may be d e te rm in e d  (see P ro c e d u re , page 8 ) .  When 
v iew ed in  a f lu o r e s c e n t  l i g h t  w i th  an in d ic a t o r ,  the  a ro m a tic s  
a p pe a r as a deep p u rp le ,  th e  o le f in s  as a y e l lo w ,  and th e  
s a tu ra te s  as a b lu e  c o lo r ^ .
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EXPERIMENTAL
E qu ipm en t and A p p a ra tu s  
A n i l in e  P o in t
F o r th e  d e te rm in a t io n  o f  th e  a n i l i n e  p o in ts  o f  
th e  f r a c t io n s ,  w h ic h  range  fro m  a lm o s t w a te r -w h ite  to  
e x tre m e ly  d a rk  i n  c o lo r ,  th e  new A n i l in e  P o in t  T h in - F i lm  
a p p a ra tu s  was used . I n  t h i s  w o rk  th e  a p p a ra tu s  m a n u fa c tu re d  
by th e  P r e c is io n  S c ie n t i f i c  Company was used o 
C h ro m a to g ra p h ic  A n a ly s is
The eq u ipm en t f o r  th e  c h ro m a to g ra p h ic  a n a ly s is  
is  p r im a r i l y  a s i l i c a  g e l  c o lu m n . The co lum n is  f i t t e d  
w i t h  a s m a ll p lu g  o f  g la s s  w o o l i n  th e  b o tto m  to  r e t a in  
th e  g e l  and w i t h  a r e s e r v o i r  a t  th e  to p  to  h o ld  th e  d i s ­
p la c in g  f l u i d .  The d ia m e te r  o f  th e  co lum n is  one o f  th e  
c o n t r o l l i n g  f a c t o r s  i n  s e c u r in g  a c c u ra te  r e s u l t s .  A s m a lle r  
d ia m e te r  co lum n w i l l  g iv e  a more d i s t i n c t  b re a k  between 
th e  bands and a ls o  a band in  w h ich  th e  p la n e  is  more 
n e a r ly  no rm a l to  th e  a x is  o f  th e  c o lu m n •
A .P .1 .  G r a v i t y
The d e te r m in a t io n  o f  th e  A P I g r a v i t y  o f  th e  
sam ples was con d u c te d  u s in g  a s e t  o f  s ta n d a rd  g r a v i t y  
h yd ro m e te rs  «
M a te r ia ls  and R eagents 
P r o p e r t ie s
Pure  a n i l in e , C 5 H^NH2 » an  am ino d e r iv a t iv e  o f  
b e n z o l,  has a b o i l i n g  p o in t  o f  3 6 l°F o . and a m e lt in g
o
p o in t  o f  18 Fo I t  d is s o lv e s  i n  31 p a r ts  o f  w a te r ,  is  p o i ­
son ous , and is  a good s o lv e n t  f o r  many com pounds. The a n i l i n e  
to  be used s h o u ld  be d i s t i l l e d  ju s t  b e fo re  b e in g  used and , 
f o r  a c c u ra te  w o rk , s h o u ld  be s ta n d a rd iz e d  a g a in s t  a pu re  
h y d ro c a rb o n  such as n -h e p ta n e ^ .
S i l i c a  g e l  Is  an  a d s o rb e n t p re p a re d  fro m  c o a g u la t io n  
o f  a c o l l o i d a l  s o lu t io n  o f  s i l i c i c  a c id .  The g e l is  a h a rd , 
g lo s s y  s u b s ta n c e , s im i la r  to  q u a r tz  sand in  a p p e a ra n ce , and 
has th e  fo rm u la  S i 0 2 .XH2 O.
M a te r ia ls  used
The m a te r ia ls  and re a g e n ts  used in  t h i s  in v e s t ig a ­
t i o n  a re  l i s t e d  b e lo w :
(1 ) S i l i c a  g e l No. 9 2 3 -0 2 -0 9 -2 2 6 , 100-200 
mesh, D a v id so n  C h e m ica l C o r p o r a t io n .
(2 ) F lu o re s c e n t  in d ic a t o r ,  P a te n t C he m ica l 
Company
(3 ) Is o p r o p y l  a lc o h o l ,  c o m m e rc ia l g ra d e , 
P h i l l i p s  P e tro le u m  Company
( 4 ) C y c lo h e xa n e , co m m e rc ia l g ra d e , P h i l l i p s  
P e tro le u m  Company.
( 5 ) A n i l i n e ,  A n i l in e  C o r p o ra t io n .
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P ro ce d u re
A n i l in e  P o in ts
The a n i l i n e  p o in ts  were d e te rm in e d  by th e  s ta n d ­
a rd  A .S .T .M . :  D 611 -  47T m e th o d . F o r some o f  th e  v e ry  
d a rk  o i l s  i t  was n o t p o s s ib le  to  o b ta in  a c c u ra te  r e s u l t s  
by t h i s  m e thod ; th e r e fo r e  a m o d i f ic a t io n  o f  th e  A .S .T .M . 
p ro c e d u re  was em ployed 0
I n  t h i s  m o d i f ic a t io n  th e  sam ple to  be te s te d  is  d i l ­
u ted  w i t h  a d e f i n i t e  r a t i o  o f  c y c lo h e x a n e . The r a t i o  o f  
c y c lo h e x a n e  to  o i l  to  be used is  dependen t upon th e  d a rk ­
ness o f  th e  sam ple b u t s h o u ld  be h e ld  to  a m in im um . S in c e  
th e  change o f  a n i l i n e  p o in t  w i t h  a change in  th e  r a t i o  o f  
cyc lo h e x a n e  to  o i l  is  l i n e a r ,  th e  volum e p e rc e n ta g e  o f  
o i l  is  p lo t t e d  a g a in s t  th e  a n i l i n e  p o in t  and e x t r a p o la te d  
to  100 p e rc e n t o i l  (see F ig .  I ) .  T h is  w i l l  g iv e  th e  e q u iv ­
a le n t  a n i l i n e  p o in t  o f  an  u n d i lu te d  sa m p le .
C h ro m a to g ra p h ic  A n a ly s is
I n  th e  p r e p a r a t io n  o f  th e  a d s o r p t io n  co lu m n , 
th e . lo w e r end o f  th e  co lum n is  p lu gg e d  w i th  a s m a ll 
p ie c e  o f  g la s s  w o o l,  f i l l e d  w i t h  a c t iv a te d  s i l i c a  g e l ,  
and tap p e d  u n t i l  no f u r t h e r  s e t t l i n g  o f  th e  g e l is  
n o t ic e a b le  . I t  i s  e x tre m e ly  im p o r ta n t t h a t  th e  g e l  in  
th e  co lum n be e v e n ly  packed to  ensu re  a sm ooth and even 
p ro g r e s s io n  o f  th e  sam ple as i t  moves down th e  c o lu m n .
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From  th e  sam ple to  be a n a ly z e d , 5 m l . o f  o i l  is  meas­
ured in t o  th e  g ra d u a te  and m ixed w i th  1  d ro p  o f  f l u o r e s ­
c e n t i n d ic a t o r .  Out o f  t h i s  m ix tu re  1 m l . is  in tro d u c e d  in t o  
th e  p re p a re d  s i l i c a  g e l c o lu m n . A i r  p re s s u re  o f  3 -5  p s i .  
i s  a p p lie d  u n t i l  a l l  o f  th e  f l u i d  has e n te re d  th e  g e l .  The 
a i r  p re s s u re  is  removed and a b o u t 0 . 5  m l.  o f  g e l  is  added 
to  th e  co lum n to  p re v e n t m ix in g  between th e  sam ple and th e  
d e s o rb in g  f l u i d .  The r e s e r v o i r  is  f i l l e d  w ith  d e s o rb in g  
f l u i d ,  is o p r o p y l  a lo c h o l ,  and a i r  p re s s u re  o f  8 - 1 0  p s i .  is  
a p p lie d  to  th e  c o lu m n .
As th e  sam ple moves down th e  co lu m n , th e  s i l i c a  g e l 
s e le c t i v e l y  s e p a ra te s  th e  s a tu ra te s  and a ro m a tic s  (see 
M ethod o f  A p p ro a ch , page A ) .  A f t e r  th e  sam ple has 2 0 -2 5  
cm . down th e  co lu m n , th e  t o t a l  le n g th  as w e l l  as th e  in d iv ­
id u a l  le n g th  o f  each band is  m easured . S u c c e s s iv e  m easure­
m ents a re  th k e n  u n t i l  th e  r a t i o  o f  le n g th  is  c o n s ta n t f o r
th e  in d iv id u a l  ba nd .
The volum e p e rc e n ta g e  f o r  each o f  th e  h y d ro c a rb o n  c la s s e s  
is  fo u n d  by th e  f o l lo w in g  c a lc u la t io n :
( le n g th  o f  a r o m a t ic s ) ( 1 0 0 ) 
fo A ro m a tic s  ^  ( t o t a l  le n g th  o f  sam p le )
$  S a tu ra te s  =r ( le n g th  o f  s a t u r a t e s ) (100)
( t o t a l  le n g th  o f  sam ple)
$  t i i e f i n s  . —  ( le n g th  o f  o le f in s ( lO O )
t t o t a l  le n g tn  o f  sam ple
I f  th e  sam ple b e in g  in v e s t ig a te d  has h ig h  b o i l in g  
com ponent p r e s e n t ,  i t  may be n e c e s s a ry  to  p ro v ie d  h e a t
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to  th e  co lum n to  keep th e  sam ple f l u i d  enough to  f lo w  
th ro u g h  th e  g e lo  When h e a t is  used, c a re  m ust be ta k e n  
t o  use a d e s o rb in g  a g e n t t h a t  has a b o i l i n g  p o in t  above 
th e  te m p e ra tu re  o f  th e  h e a te d  co lu m n .
A .P .1 .  G r a v i t y
The A . P . I .  g r a v i t y  o f  a l l  th e  sam ples was d e te r ­
m ined by th e  s ta n d a rd  A .S .T .M .:  D 28 7 -3 9  p ro c e d u re .
B o i l in g  Range
The b o i l i n g  range o f  th e  sam ples w ere o b ta in e d











The sam ples a n a ly z e d  i n  th e  la b o r a to r y  were o b ta in e d  
fro m  a t r u e - b o i l i n g - p o in t  d i s t i l l a t i o n .  The sam ples were 
ta k e n  in  3 p e rc e n t c u ts  f ro m  a cha rge  s to c k  o f  3»500 m l .  
Two c ru d e s  were used i n  t h i s  in v e s t ig a t io n .  One, an  i n t e r  
m e d ia te  base, was fro m  R a n g e ly , C o lo ra d o , and th e  second 
one , a p a r a f f in i c  base, was fro m  Lance c re e k ,  W yom ing.
F o r th e  d e te r m in a t io n  o f  th e  a ro m a tic  h y d ro c a rb o n  
c la s s  c o n te n t ,  c u ts  were chosen  whose b o i l in g  ranges were 
a p p ro x im a te ly  e q u a l.  The maximum d i f f e r e n c e  f o r  each s e t  
o f  c u ts  a t  e i t h e r  end o f  t h e i r  b o i l in g  ranges was 5°Fo 
T h e .a u th o r  does n o t b e lie v e  t h a t  t h i s  d i f f e r e n c e  i s  s u f ­
f i c i e n t  to  cause an  a p p re c ia b le  e r r o r  i n  th e  r e s u l t s .
The f r a c t io n s  fro m  th e  tw o c ru d e s  were a n a ly z e d  f o r  
A P I g r a v i t y ,  a n i l i n e  p o in ts ,  and a ro m a tic  c o n te n t .  These 
r e s u l t s  a re  ta b u la te d  i n  T a b le  1 .
A f t e r  th e  o r i g i n a l  p r o p e r t ie s  o f  th e  sam ples were 
d e te rm in e d  th e  a ro m a tic s  w ere  removed by a d s o r p t io n  w i t h  
th e  s i l i c a  g e l .  The a n i l i n e  p o in ts  and A P I g r a v i t y  o f  th e  
a ro m a tic  f r e e  f r a c t i o n  were d e te rm in e d  . These v a lu e s  a re  
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T h is  c o r r e la t io n  s e c t io n  is  d iv id e d  in t o  th re e  p a r ts ,  
w h ic h  a re  e x p la in e d  in  th e  f o l lo w in g  p a ra g ra p h s .
A n i l in e  P o in t  and A .P .1 .  G r a v i t y
A p lo t  is  made o f  a n i l i n e  p o in t  and th e  A . P . I .  g r a v i t y  < 
fro m  th e  la b o r a to r y  d a ta  (see T a b le  1) . A s tu d y  o f  t h i s  
g ra p h  (see F ig  . 2 ) shows th e  changes in  th e  c o m p o s it io n  o f  
th e  f r a c t i o n  as th e  b o i l i n g  range  in c r e a s e s .
The a n i l i n e - p o in t  d e c re a se  w i th  a d e c re a se  i n  g r a v i t y  
to  th e  m inimum p o in t  shows th e  e f f e c t  o f  th e  d e c e a s in g  amount 
o f  th e  lo w -m o le c u la r -w e ig h t  s t r a ig h t - c h a in  p a r a f f in s  . The 
in c re a s e  . in  th e  a n i l i n e  p o in t  w i th  a c o n t in u e d  de c rea se  in  
A . P . I .  g r a v i t y ,  a f t e r  th e  minimum p o in t  is  re a ch e d , is  
caused by th e  in c re a s e  i n  th e  naphthenes and p a r a f f i n  s id e  
c h a in s .
The g ra p h  o f  th e  two c ru d e s  a re  v e ry  s im i l a r  and s u g g e s t 
a p o s s ib le  new method o f  d e te rm in in g  th e  base o f  a c ru d e .  
F u r th e r  in v e s t ig a t io n  o f  t h i s  p o s s i b i l i t y  was c a r r ie d  o u t 
by u s in g  d a ta  fro m  th e  l i t e r a t u r e  o f  th e  U .S . Bureau o f  
M ines .
The l i t e r a t u r e  d a ta  was s e le c te d  f o r  c ru d e  o i l s  fro m  
th e  f o l lo w in g  f i e l d s :  S m ith  M i l l s  C o n s o lid a te d  F ie ld ,  Ken-
O (y
tu c k y  , L a g u n i l la s ,  V enezue la  , Louden, I l l i n o i s ,  and 
LaG range, M is s is s ip p i^ .  S in c e  th e s e  o i l s  ra nge  f ro m  h ig h ly  
pa r a f f  i n i c  f o r  th e  LaGrange c ru d e  to  h ig h ly  n a p h th e n ic  f o r
15
th e  L a g u n i l la s  c ru d e  a w id e  range f o r  th e  base o f  c ru d e s  is  
a v a i la b le  .
A g ra p h  o f  th e  a n i l i n e  p o in ts  and A P I g r a v i t y  o f  th e  
o i l s  ( F i g . 3  ) shows v e ry  c l e a r l y  some o f  th e  d i f f i c u l t i e s  
i n  d e te rm in in g  th e  base o f  a c ru d e .  A c ru d e  such as Louden 
may be h ig h ly  p a r a f f in i c  i n  i t  l i g h t  f r a c t io n s ,  and may be 
in te rm e d ia te  o r  n a p h th e n ic  i n  i t s  h e a v ie r  f r a c t io n s  .
T h is  c o r r e la t io n  o f  a n i l i n e  p o in t  and A P I g r a v i t y  i n ­
d ic a te s  a s im p le  and a c c u ra te  method may be made f o r  th e  
d e te rm in a t io n  o f  th e  base o f. a c ru d e  . The r e la t i v e  p o s i t io n  
o f  the  p o in ts  o f  th e  f r a c t io n s  o f  th e  c ru d e  b e in g  in v e s t ig a te d f 
v / i l l  g iv e  a good in d ic a t io n  o f  th e  p a r a f f i n i c i t y  o r  naph­
th e n ic  i t  y  o f  th e  sam ple and th e  c ru d e .
A n i l in e  P o in t ,  A .P .1 .  G r a v i t y , and B o i l in g  Range
A c o r r e la t io n  o f  a n i l i n e  p o in ts  and A P I g r a v i t y  w i th  
b o i l in g  range  is  shown in  F ig  . ^ . T h is  g ra p h  shows good 
c o r r e la t io n  f o r  c ru d e  f r a c t io n s  f o r  th e  b o i l in g  ra n ge s  
fro m  3 6 8 °F . to  5 9 0 °Fc
I t  is  b e lie v e d  t h a t  th e  a ro m a t ic s  a re  th e  ■ • o n t r o l l in g  
f a c t o r  in  t h is  c o r r e la t io n  s in c e  th e y  have th e  g r e a te s t  
e f f e c t  i n  d e p re s s in g  b o th  th e  a n i l i n e  p o in t  and th e  A P I 
g r a v i t y .
A n i l i n e  P o in t , B o i l in g  Range, and H yd ro ca rb o n  C la sse s
O rd in a ry  s t r a ig h t - r u n  p e tro le u m  f r a c t io n s  a re  composed 
o f  th re e  m a in  h y d ro c a rb o n  c la s s e s :  p a r a f f in s ,  n a p h the n e s , 
and a ro m a tic s  o The r e la t i v e  o e rc e n ta g e  o f  each c la s s  has 
a d e f i n i t e  e f f e c t  upon th e  a n i l i n e  p o in t  o f  th e  f r a c t i o n .
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S in ce  each in d iv id u a l  c la s s  has i t s  own e f f e c t  upon 
a n i l i n e  p o in t  o f  th e  f r a c t io n *  an  a v e ra g e , o r  b le n d in g  
v a lu e  m ust e x is t  f o r  each c la s s .  T h is  a v e ra g e , o r  b le n d in g , 
v a lu e  is  assumed to  be c o n s ta n t  f o r  f r a c t io n s  h a v in g  th e  
same b o i l i n g  range .
I n  o rd e r  to  have a c o n s ta n t  b le n d in g  v a lu e  f o r  f r a c -  
t i o s  o f  th e  same b o i l i n g  ra n g e , th e  a s s u m p tio n  is  made t h a t  
each in d iv id u a l  c la s s  has th e  same com ponen ts ; i . e .  in  
sam ples o f  th e  same b o i l in g  range  a c la s s  such as a ro m a tic s  
a l l  have th e  c o n s t i t u e n t s .  T h is  a s s u m p tio n  is  n o t e n t i r e l y  
a c c u ra te ; b u t th e  v a r ia t i o n  i n  th e  compounds com posing a 
c la s s  is  n o t la rg e  enough to  a f f e c t  th e  b le n d in g  o f  th e  
c la s s  a p p re e ia b ly o
The b le n d in g  v a lu e s  f o r  th e  h y d ro c a rb o n  c la s s e s  were 
c a lc u la te d  by u s in g  a c o m b in a t io n  o f  la b o r a to r y  d a ta  and 
d a ta  fro m  l i t e r a t u r e  . L a b o ra to ry  d a ta  was used to  d e te r ­
m ine th e  b le n d in g  v a lu e s  o f  a ro m a t ic s ,  and l i t e r a t u r e  d a ta  
was used to  d e te rm in e  th e  naphthene and p a r a f f i r f  b le n d in g  
v a lu e s  o
F o r th e  c a lc u la t io n  o f  th e  b le n d in g  v a lu e s  o f  p a r a f f in s
and naphthenes th e  d a ta  used w ere f o r  th e  T u rn e r  V a l le y ,
U jCanada , c ru d e  and th e  A b q a iq , S aud ia  A ra b ia ^ ,c ru d e  . These
■two c ru d e s  w ere s e le c te d  because th e y  have been a n a ly z e d
v e ry  th o ro u g h ly  and th e  d a ta  is  b e lie v e d  to  be e x tre m ly
a c c u ra te .  **
The ta b u la te d  da ta , f o r  th e  two c ru d e s  a re  g iv e n
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The b le n d in g  a n i l i n e  v a lu e s  f o r  th e  h y d ro c a rb o n  c la s s e s  
a re  c a lc u la te d  by th e  method in  th e  f o l lo w in g  p ro c e d u re .
C a lc u la t io n  o f  b le n d in g  a n i l i n e  v a lu e s
I t  is  n e c e s s a ry  to  c a lc u la te  th e  b le n d in g  a n i l i n e  
v a lu e  o f  a ro m a tic s  fro m  th e  la b o r a to r y  d a ta  because th e  
a ro m a tic  f r e e  f r a c t i o n  a n i l in e  p o in t  is  n o t a v a i la b le  fro m  
th e  l i t e r a t u r e .  The b le n d in g  va lu e s  o f  a ro m a tic s  a re  d e te r ­
m ined as f o l l o w s :
A (X ) *■ K (A P ')  = AP (a )
Where A is  th e  p e rc e n ta g e  o f  a ro m a tic s  in - th e  
sam ple
X is  th e  b le n d in g  v a lu e  o f  a ro m a tic s
K is  th e  p e rc e n ta g e  p a r a f f in s  and naphthenes
A P f is  th e  a n i l in e  p o in t  o f  th e  a ro m a tic
f r e e  f r a c t i o n  
AP is  th e  a n i l i n e  p o in t  o f  th e  o r ig i n a l
sam ple
The b le n d in g  a n i l i n e  v a lu e  f o r  p a r a f f in s  and naph- - 
th e n e s  a re  c a lc u la te d  by s o lv in g  th e  f o l lo w in g  two e q u a t io n s .
A x X + B iY ^ C x Z  = APx (b )
a 2x +  b2Y + C 2Z z AP2 
The a ro m a t ic s ,  A , a re  d e te rm in e d  by c h ro m a to g ra p h ic  a n a l­
y s is  and a ro m a tic  a n i l i n e  b le n d in g  v a lu e ,  X, d e te rm in e d  by
E q .(a )* .  S u b s t i t u t in g  th e s e  v a lu e s  in t o  E q . Vb) and (c )
re duce  th e  th re e  unknowns to  tw o unknow ns.
I n E q .  (b ) and (c )  as f o l lo w s :
A , B, and C a re  th e  p e rc e n ta g e s  o f  a ro m a tic s ,  
n a p h th e n e s , and p a r a f f in s  in  th e  sa m p le s .
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X ,Y ,a n d  Z a re  th e  b le n d in g  v a lu e s  o f  
a ro m a t ic s ,  n a ph then es , and p a r a f f in s  
AP-^ and AP2 a re  th e  a n i l i n e  p o in ts  o f  
th e  s a m p le s .
Sample^ c a lc u la t io n
A ro m a tic  b le n d in g  v a lu e
The f o l lo w in g  d a ta  a re  fro m  T a b le  1
o
a n d -T a b id  2 f o r  f r a c t io n s  h a v in g  a b o i l in g  range  27 5-290 S
B o i l in g  Range 27 5 -2 9 0 °F .
P r o p e r t ie s R a n g e ly  Crude Lance c re e k  C rude
A ro m a tic s ,  % 10 .7 12 .6
N aph.4  P a r a f f in s 89 °3 87 .4
O r ig in a l  a n i l i n e  p o in t 53 .0°C 56.5°C
A ro m a tic  fre e , a n i l i n e  
p o in t ..... ......6_5.—£c .................. 7 1 .9°C
S u b s t i t u t in g  in  E i( a )  f o r :
R a n g e ly  C rude
A (X) +. K (A p ')  -  AP 
0 .107 (X) +■ 0 .8 9 3 (6 5 .5 )  =-53 -0 
X -  - 5 2  .0
Lance C ree k  C rude
0 .126 (X ) +• 0 . 8 7 4 (7 1 .9 )  = 56 .5
- 5 2 . 4
A verage  v a lu e  o f  X— —52.2
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The r e s t  o f  th e  a ro m a tic  b le n d in g  v a lu e s  w ere c a lc u la te d  
in  th e  same ma-nner and p lo t te d  on th e  g ra p h  ( F ig . 5 ) . 
V a lue s  may be o b ta in e d  fro m  i t  f o r  any b o i l i n g  ra n g e .
The naph thene  and p a r a f f in  b le n d in g  v a lu e s  were 
c a lc u la te d  fro m  T a b le  3 f o r  th e  b o i l i n g  range 347-390°F o
B o i l in g  Range 3 Y 7 -3 9 0 °F .
P r o p e r t ie s T u rn e r  V a l le y  Crude A b q a iq  F ie ld  C rude
Aroma t i c s  % 1 9 .5 13  oO
N aphthenes % 39 °6 3 2  . 8
P a r a f f in s  % 40 o7 3 4 .2
A n i l in e  p o in t  °C . 58 . 0 6 1 .0
S u b s t i t u t in g  i n  E q . b &. c and u s in g  th e  a ro m a tic  b le n d in g  
v a lu e  fro m  F ig .  5 th e  f o l lo w in g  two e q u a t io n s  r e s u l t :
A j. X + B^ Y + C i  Z - A&1 (b )
A2 X + b2y  + c 2 Z = a p 2 (o )
0 .1 9 5  ( - 1 2 ) +  0 .3 9 8 (Y ) * 0 .Y 0 7 (Z )  i  58  •
0 .1 3 0  ( - 1 2 ) + 0 . 3 2 8 (Y) + O .3 4 2 U )  -  61
Y -  6 1 .8  
Z -  87 .0
The r e s t  o f  th e  naph thene  and p a r a f f i n  b le n d in g  v a lu e s  
a re  c a lc u la te d  in  th e  same m anne r. The v a lu e s  f o r  a l l  







































SUGGESTED NEW METHOD OF ANALYSIS
The a v a i l a b i l i t y  o f  th e  b le n d in g  v a lu e s  f o r  th e  h y d ro ­
c a rb o n  c la s s e s  and th e  method beh ind  t h e i r  d e r iv a t io n  le a d  
th e  a u th o r  to  b e l ie v e  t h a t  r a p id  and f a i r l y  a c c u ra te  d e te r ­
m in a t io n  may be made o f  a f r a c t i o n  to  a s c e r ta in  th e  p e rc e n t­
age o f  each c la s s  .
The method o f  a p p ro a ch  f o r  th e  d e te r m in a t io n  o f  h y d ro ­
c a rb o n  c la s s e s  w ou ld  be th e  re v e rs e  o f  th e  p ro c e d u re  fo l lo w e d  
in  th e  d e r iv a t io n  o f  th e  b le n d in g  v a lu e s  « The p a r a f f in s  and 
naphthenes w ou ld  be o b ta in e d  by s o lv in g  th e  f o l lo w in g  two
fi
e q u a tio n s  s im u lta n e o u s ly :
A (X ) +  B( Y) -f- C (Z ) -  AP (1 )
A *  B +  0 -  1 (2 )
w here A ,B , and C a re  th e  p e rc e n ta g e  o f  aroma t i c s ,  
na p h th e n e s , and p a r a f f in s  .
X , Y, and Z a re  th e  b le n d in g  v a lu e s  f o r  
aroma t i e s ,  n a p h th e n e s , and p a r a f f in s  
A , th e  p e rc e n ta g e  o f  a ro m a tic s  i s  d e te rm in e d  by th e  c h ro m a t­
o g ra p h ic  a n a ly s is  . W ith  A known th e  e q u a t io n s  re du ce  to  




T h is  s tu d y  in d ic a te s  a v e ry  good c o r r e la t io n  w i th  
a n i l i n e  p o in t  and such p r o p e r t ie s  as b o i l in g  ra n g e , A . F . I .  
g r a v i t y ,  and h y d ro c a rb o n  c la s s  c o n te n t .
S in c e  a n i l i n e  p o in t ,  as used h e re , is  d e f in e d  as th e  
te m p e ra tu re  o f  m u tu a l s o l u b i l i t y  o f  e q u a l volum es o f  a n i l in e  
and o i l ,  th e  c o r r e la t io n  w ou ld  be e xp e c te d  because th e  
f a c t o r s  o f  b o i l in g  ra n g e , A . P . I .  g r a v i t y ,  and h y d ro c a rb o n  
c la s s  a re  a l l  r e la te d  to  th e  te m p e ra tu re  o f  m u tu a l s o l ­
u b i l i t y .
The c o r r e la t io n  o f  a n i l in e  p o in t  and A . P . I .  g r a v i t y  
c o u ld  be a p p lie d  to  th e  e v a lu a t io n  o f  a c ru d e  o i l  i n  a l l  o f  
i t s  b o i l in g  ranges . The c o r r e la t io n  g iv e s  an in d ic a t io n  
o f  th e  p a r a f f  i n i c  i t y  o r  n a p h th e n ic  i t y  o f  an o i l  and th u s  
shows th e  b e s t ty p e s  o f  p ro d u c ts  t h a t  may be p roduced fro m  
th e  o i l .
The a n i l i n e  b le n d in g  v a lu e s  f o r  the  d i f f e r e n t  h y d ro ­
c a rb o n  c la s s e s  le a d s  th e  a u th o r  to  b e lie v e  th a t  a s im p le  
and a c c u ra te  m ethod may be a v a i la b le  to  d e te rm in e  th e  
p a r a f f i n  and naphthene c o n te n t  in  a p e tro le u m  f r a c t i o n .
A l l  o f  th e se  c o r r e la t io n s  a re  v e ry  in c o m p le te  and 
more work: s h o u ld  be done to  d e f i n i t e l y  e s ta b l is h  th e  range 
and u s e fu ln e s s  o f  th e  c o r r e la t io n s .
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